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Abstract: 

This probe report describes the identification and development of an inhibitor of Bcl-B, a 

member of the Bcl-2 family.  The Bcl-2 family plays a prominent role in apoptosis. Bcl-2 is over-

expressed in some cancers, allowing cells to continue proliferating. Thus, small molecule 

inhibitors of the anti-apoptotic Bcl-2 family members with their apoptotic partners would be 

useful for enhancing cancer chemotherapy. We developed a multiplexed bead-based flow 

cytometry high-throughput assay based on the disruption of the binding of a fluorescently 

labeled-BH3 peptide of Bim to the six anti-apoptotic Bcl-2 family members: Bcl-XL, Bcl-W, Bcl-

B, Bfl-1, and Mcl-1 and Bcl-2 (the eponymous founding member of the Bcl-2 family). Using this 

assay, we screened each of 200,000 compounds in the NIH Molecular Libraries Small Molecule 

Repository (MLSMR) simultaneously (in multiplexed format) against all six Bcl-2 family 

members for potential regulators of these crucial peptide-protein interactions.  We were able to 

develop a potent (368 nM IC50) inhibitor of the interaction of the Bim peptide with Bcl-B that was 

at least 127-fold selective over the Bim-Bcl-XL interaction. It was also shown to be selective 

against the other family members (Bcl-W, Bcl-2, Bfl-1, Mcl-1).  
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Probe Structure & Characteristics: 

This Center Probe Report describes a Bcl-B Inhibitor ML258 that is 

selective relative to other members of the Bcl-2 family of proteins. 

Important potency and selectivity characteristics are shown for this 

probe in the summary table. 

 

 

 

CID/ML# Target 
Name 

Bcl-B IC50 (nM) 
[SID, AID] 

Anti-
target 

Name(s) 

Bcl-XL IC50 
(µM) [SID, AID] 

Fold 
Selective 

Bcl-B/Bcl-XL 

Secondary 
Assay(s) Name: 

IC50/EC50 (nM) 
[SID, AID]§ 

CID 53301938/ 
ML258 

Bcl-B (of 
the Bcl-2 
family) 

386 nM 

SID 124756688 

AID 588575 

Bcl-XL >50 µM 

SID 124756688 

AID 588578 

>127X  

Recommendations for scientific use of the probe: 

Very few selective inhibitors of Bcl-2 family proteins have been reported. Natural products and 

synthetic compounds have been described that inhibit several Bcl-2 family members, such as 

(a) Obatoclax* (GX15-070), which binds (average IC50 = 3 μM) to all 6 anti-apoptotic Bcl-2 family 

members [1], (b) Navitoclax* (ABT-263), which binds to only 3 of the 6 Bcl-2 family members 

(Bcl-2, Bcl-XL, Bcl-W) [2], and (c) Sabutoclax (an apogossypol derivative BI-97C1), which binds 

to all 6 family members [3].   No selective small molecule inhibitors of any family member have 

been described, with the exception of Bfl-1, for which low micromolar selective hits have been 

identified [4]. The finding of a potent inhibitor of Bcl-B will provide a chemical probe to study the 

effect of selective in vitro regulation of a subset of Bcl-2 family members in the regulation of 

apoptosis, specifically the apoptotic processes related to Bcl-B inhibition. Chemical probes for 

Bcl-B are also highly useful due to species-specific differences between humans and mice, 

which preclude the use of gene knockout studies to interrogate the role of Bcl-B.  Namely, mice 

lack Bcl-B, a Bcl-2 family member that is expressed predominantly in B-lymphocytes and 

plasma cells in humans, as well as pathologically overexpressed in many types of solid tumors 

[5].  In contrast, the most homologous gene of mice (Diva/Boo) is expressed in every cell and 

has predominantly a pro-apoptotic rather than an anti-apoptotic phenotype.  Thus, the probe 

compound will be useful for experiments with primary cultured human B-cells and plasma cells 

to interrogate the functions of Bcl-B in human cells from patients with various autoimmune 

diseases and hematopoietic malignancies. 
 _________________________________ 

*
Obatoclax and Navitoclax are commercially available from several vendors. Their chemical structure, biological 
properties and useful references can be found at the Selleckchem website: 
http://www.selleckchem.com/products/Obatoclax-Mesylate.html and http://www.selleckchem.com/products/ABT-
263.html. The average IC50 for the seven AML patient samples tested was 3.59 µM.

 
Obatoclax (GX15-070) has been 

reported to similarly antagonize all antiapoptotic Bcl-2 family proteins (average IC50=3 µM), including Mcl-1 (IC50=2.9 
µM) and Bfl-1 (IC50=5 µM).   

N 

http://www.selleckchem.com/products/Obatoclax-Mesylate.html
http://www.selleckchem.com/products/ABT-263.html
http://www.selleckchem.com/products/ABT-263.html
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1 Introduction 

 

Specific Aims 

This Probe Report is unusual as it is derived from an X01 grant awarded to Dr. Larry Sklar, 

Principal Investigator of the University of New Mexico during Cycle 4 of the Molecular Libraries 

Screening Centers Network (MLSCN) Pilot phase of the Molecular Libraries Initiative (MLI). The 

goal of the project was to execute multiplexed assays using UNMCMD’s bead-based flow 

cytometry platform [6].  These X01 grants did not have the formal aims that the more recent 

Roadmap R03 grants require.  Also, during the pilot phase the Chemical Probe Development 

Plan (CPDP) process was evolving and no CPDP Chem Update templates existed.  The 

templates that did exist at that time did not require the recitation of aims and goals from the 

originating grant. No specific aims, therefore, are available for this Probe Project.  Though the 

project was submitted from UNM, it was predicated upon a collaboration between Dr. Larry A. 

Sklar and Dr. John C. Reed of the then San Diego Center for Chemical Genomics at the 

Burnham Institute for Medical Research (currently Sanford-Burnham Center for Chemical 

Genomics at Sanford-Burnham Medical Research Institute). The current goals for this 

continuing collaboration between Dr. Sklar and Dr. Reed are to advance active Bcl-B probes 

from the existing Bcl-B active scaffolds, through SAR and final probe development.   

 

Background and Significance 

Apoptosis is regulated in part by the balance of anti-apoptotic and pro-apoptotic Bcl-2 family 

members. In humans, six genes have been identified that encode anti-apoptotic proteins 

characterized by the presence of three conserved motifs designated as Bcl-2 homology (BH) 

regions, BH1, BH2, and BH3 [5]. These domains form a hydrophobic cleft in the tertiary 

structure. Pro-apoptotic family members contain BH3 regions that form an amphipathic helix, 

and these helices bind in the clefts of the anti-apoptotic proteins. The binding of fluorochrome-

conjugated BH3 peptides (including Bim) to Bcl-2 family members provides the basis for the 

construction of fluorescence-based assays amenable to flow cytometry high throughput 

screening [6]. The high throughput screen was developed as a multiplexed assay to identify 

small molecule regulators of protein interactions between the BH3 peptide of Bim and the 

following six Bcl-2 family members: Bcl-XL, Bcl-W, Bcl-B, Bfl-1, and Mcl-1 and Bcl-2 (the 

eponymous founding member of the Bcl-2 family).  A selective probe candidate scaffold has 

now emerged as an inhibitor of the interaction of Bcl-B with BIM peptide. 

Overall, the screen identified three compounds, each representing a unique chemical scaffold, 

as specific inhibitors of Bcl-B, but not the other Bcl-2 family members; fluorescence polarization 

and isothermal titration calorimetry data corroborated the flow cytometry findings [6,7]. Prior 

experiments have suggested that Bcl-B is important for the survival of plasma cell malignancies 

[8] and several types of solid tumors show pathological elevation of Bcl-B protein, sometimes 

correlating with poor prognosis [9]. A specific Bcl-B inhibitor would be useful as a probe for 
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defining the mechanism by which Bcl-B acts without cross-over activities of the other Bcl-2 

family members, and also potentially as a lead compound for therapy. 

Prior Art: 

At the time of the original grant and MLSCN pilot phase, there were no precedent small 

molecule probes for Bcl-B.  During the MLSCN phase, however, in a related HTS looking for 

inhibitors of FITC-TR3-r8 binding to GST-Bcl-B, Dr. Reed and the then San Diego Center for 

Chemical Genomics did generate a Bcl-B probe ML055 (CID 5816499) with modest potency 

(5.6 μM).  However, a secondary assay to determine its specificity for displacement of other 

BH3 derived peptides suggested that the ML055 bound to a region on Bcl-B that differs from the 

binding site of pro-apoptotic BH3 domains.  See the MLSCN Probe Report “High Throughput 

Fluorescence Polarization Screen for Bcl-B Phenotypic Converters” available through the NIH 

Molecular Libraries Initiative (MLI) website (https://mli.nih.gov/mli/?dl_id=877).  This current 

project focused on the canonical BH3 binding sites utilizing the FITC-labeled-Bim peptide, rather 

than the FITC-TR3-r8 peptide of the original project, but still hoped to find compounds selective 

against individual or groups of Bcl-2 family members. 

As outlined in the “Recommendations for scientific use of the probe”, very few selective 

inhibitors of Bcl-2 family proteins have been reported. Table 1 summarizes the potency and 

selectivity of these and other reported compounds [1-3], several of which are commercially 

available (Selleckchem (footnote p. 2), Sigma-Aldrich [1], and Gemin X Biotechnologies [1]).  

This clearly shows that while some submicromolar inhibitors of Bcl-B have been reported, none 

are highly selective against Bcl-XL. Most are pan-inhibitory or selective for one or more of the 

other family members. 

 

Table 1. Summary of inhibitor potencies for all six antiapoptotic human Bcl-2-family proteins 

by fluorescence polarization (FPA) with GST-Bcl-2 fusion proteins and FITC-Bid BH3 peptide 

 Potency [IC50 (μM)] against Individual Bcl-2 proteins  

Compound Bcl-B Bcl-XL Bcl-2 Bcl-W Bfl-1 Mcl-1 Ref 

(-)-Epigallocatechin gallate (EGCG) 0.36 0.59 0.45 2.33 1.79 0.92 1 

Gossypol 0.16 3.03 0.28 1.4 >10 1.75 1 

Apogossypol 0.37 2.80 0.64 2.10 >10 3.35 1 

Obatoclax
*
 (GX15-070), 2.15 4.69 1.11 7.01 5.00 2.90 1 

ABT-737 (enantiomer of ABT-263) >10 0.064 0.12 0.024 >20 >20 1 

Sabutoclax (BI-97C1 - an optically pure 

apogossypol derivative of BI-79D10), 

- 0.31 0.32 - 0.62 0.20 3** 

*Navitoclax
*
 (ABT-263) was not tested against Bcl-B & Bfl-1 [2]; values reported as Ki for different peptide/protein pairs 

so conversion to comparable IC50s difficult; however, it is pan-inhibitory within 2-fold for Bcl-XL, Bcl-2, Bcl-W & Mcl-1 

*References 11 & 12 therein; discrepant reported values, but confirm pan-inhibition for Bcl-XL, Bcl-2, Bcl-W & Mcl-1 

 

A further SciFinder search for Bcl-2 inhibitors did not uncover this reported probe scaffold class 

(ML258), nor any classes of inhibitors beyond what was reported primarily by Dr. Reed’s group. 

None of these inhibitors showed less than single digit micromolar potency and all had poor 

selectivity amongst the Bcl-2 family members.  A more specific search on the final probe 

compound (IUPAC name and chemical structure - SMILES) did not uncover any claims for its 

https://mli.nih.gov/mli/?dl_id=877
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use in any indications including as an antiapoptotic agent or a Bcl-2 neither family nor Bcl-B 

inhibitor. Therefore, the described probe is a unique and first in class probe. 

2 Materials and Methods 

The details of the primary HTS and additional assays can be found in the “Assay Description” 

section in the PubChem BioAssay view under the AIDs as listed in Table 1. Additionally the 

details for the primary HTS were published as a Nature Protocols article [6] and can be obtained 

therein. 

2.1 Assays 

Table 2 summarizes the details for the assays that drove this probe project. All multiplex 

primary and confirmatory assays in Table 2 were performed as in [6]. 

Table 2.  Summary of Assays and AIDs 

PubChemBioAssay Name AID 
Probe 
Type Assay Type 

Assay 
Format 

Assay 
Detection & 
well format 

Respon-
sible 

Center 

Multiplexed high-throughput screen for 
small molecule regulators of Bcl-2 
family protein interactions via Bim 
[Summary] 

AID 1693 Inhibitor Summary N/A N/A UNMCMD 

Multiplexed high-throughput screen for 
small molecule regulators of Bcl-2 
family protein interactions 

AID 950,   AID 951, 
AID 952,   AID 1007, 
AID 1008, AID 1009 

Inhibitor Primary 
Bio-

chemical 
Fluorescence 

& 384-well 
UNMCMD 

Multiplexed dose response screen for 
small molecule regulators of Bcl-2 
family protein interactions 

AID 1320, AID 1322, 
AID 1327, AID 1328, 
AID 1329, AID 1330 

Inhibitor 

Confirmatory 

(DMSO 
Dose 

Response) 

Bio-
chemical 

Fluorescence 
& 384-well 

UNMCMD 

Multiplexed dose response screen for 
small molecule regulators of Bcl-2 
family protein interactions 

AID 2075, AID 2077, 
AID 2080, AID 2081, 
AID 2084, AID 2086 

Inhibitor 
Confirmatory 

(Dry 
Powder) 

Bio-
chemical 

Fluorescence
& 384-well 

UNMCMD 

Dose response of powder sourced 
compounds for small molecule 
regulators of Bcl-2 family protein 
interactions, panel upload w/ wildtype 
and mutant Bfl1 & wildtype Bcl-B. 

AID 504598 Inhibitor 
Confirmatory 

(Dry 
Powder) 

Bio-
chemical 

Fluorescence 
& 384-well 

UNMCMD 

Profiling Assay to determine GST-
GSH interactions in multiplex bead-
based assays (HPSMTB buffer) 

AID 1324 Inhibitor Secondary 
Bio-

chemical 
Fluorescence 

& 384-well 
UNMCMD 

Profiling compound fluorescence on 
GSH Beads with 488 nm excitation 
and 530 nm emission 

AID 1776 Inhibitor Secondary 
Bio-

chemical 
Fluorescence 

& 384-well 
UNMCMD 

Bcl-2 family members Fluorescence 
polarization assay with Set1 of powder 
compounds. 

AID 504627 Inhibitor Secondary 
Bio-

chemical 
Fluorescence 

& 384-well 

 J. Reed 

Lab 

Bcl-2 family member:  Bcl-B 
fluorescence polarization SAR AID 588575 Inhibitor Secondary 

Bio-
chemical 

Fluorescence 
& 384-well 

J. Reed 

Lab 

Bcl-2 family member: Bcl-XL 
fluorescence polarization SAR AID 588578 Inhibitor Secondary 

Bio-
chemical 

Fluorescence 
& 384-well 

J. Reed 

Lab 

Bcl-B ITC:  Bcl-B  family members ITC 
for Kd determination of selective 
inhibitors for Bcl family proteins 

AID 588716 Inhibitor Secondary Biochemi
cal 

ITC (heat) 

Single cuvette 

J. Reed 

Lab 
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Assay materials: The detailed protocols, materials and recipes can be obtained from 

the AIDs listed in Table 2 and from ref [6].  

Rationale for confirmatory, counter and selectivity assays:  

The secondary Bcl-2 family members assay (AID 2075, AID 2077, AID 2080, AID 2081, AID 

2084, AID 2086, AID 504598) was again a multiplex assay on the set of family members, but 

with a fresh set of re-ordered and synthesized powders.   The Profiling Assay against GST-GSH 

beads (AID 1324) was designed to eliminate compounds that were non-specifically interfering 

with the attachment of the GST labeled Bcl-2 family proteins to the GSH groups on the 

functionalized flow cytometric beads.   The Profiling Assay for compound fluorescence (AID 

1776) was designed to identify and eliminate compounds that were optically interfering with the 

fluorescence values, from strong autofluorescence or quenching.  From the multiplexed assay, it 

appeared that the identified scaffold and probe was most potent for the Bcl-B family member, 

and this was confirmed against the individual proteins of the Bcl-2 family in a non-multiplex 

fluorescence polarization assay with the same proteins (AID 504627), by Dr. John Reed’s 

laboratories. This panel of assays also confirmed the selectivity of the probe scaffold class 

against Bcl-2, Bcl-XL, Bcl-W, Bfl-1, and Mcl-1.    Finally, an orthogonal measure of the 

disruption of the Bim peptide/Bcl-B protein interaction was obtained from isothermal titration 

calorimetry (ITC) of the Bcl-B protein for a very close analog of the probe compound (AID 

588716).  (See also flowchart in Figure 4 and tabulation of hits in Table 6). 

 
 
 

2.2 Probe Chemical Characterization 

Chemical name of probe compound   

The IUPAC name of the probe is 4-(4-methoxybenzyl)-4H-spiro[benzo[h]tetrazolo[1,5-a]quinazoline-

6,1'-cyclopentan]-5(7H)-one. The actual batch prepared, tested and submitted to the MLSMR is 

archived as SID 124756688 corresponding to CID 53301938. 

Probe chemical structure including stereochemistry if known   

The probe ML258 has no chiral centers.  (See Figure 1) 

  

 

Figure 1.  Structure of ML258  

ML258 
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Synthesis and Structural Verification Information of probe SID 124756688 corresponding to 

CID 53301938  (See Scheme 1) 

 

(Scheme 1) 

 

 
Scheme 1: Synthesis of ML258, conditions: a. acetic acid, ammonium acetate, toluene, reflux, 5 hours, 
Dean Stark trap, (95%); b. benzyl magnesium bromide, THF, RT, overnight (73%); c. sulfuric acid (43%); 
d. ethanol, reflux, overnight; e.KOH, water, reflux (18% 2 steps); f. hydrazine, butanol, reflux (85%); g. 
sodium nitrate, water, acetic acid (69%); h. trimethylorthoformate, butanol, reflux (71%). 

 
 

If available from a vendor, please provide details.  

The probe molecule is not commercially available. A 20 mg sample of ML258 synthesized at 

SBCCG has been deposited in the MLSMR (Bio-Focus DPI) (see Probe Submission Table 5).  

Solubility and Stability of probe in PBS at room temperature 

The stability and solubility of ML258 was investigated in PBS buffer at room temperature 

(Figure 2 and Table 3). As noted in the Summary of in vitro ADME/T properties (see Table 11), 

ML258 has limited solubility in aqueous buffer at all pH’s tested (2.1, 2.7 and 2.9 μM  [0.88, 1.1, 

and 1.2 μg/mL], at pH 5, 6.2, and 7.4, respectively).  Therefore, in order to evaluate its potential 

hydrolytic instability an aliquot of ML258 was prepared as a solution in 50% aqueous 

acetonitrile:water and was analyzed by LC/MS. The probe compound is very stable for more 

than 48 hours (Figure 2 and Table 3). 
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Table 3.  Stability of ML258 
(CID 53301938) 

  Time (hr) % Remaining  

0 100 

3 98.7 

6 99.3 

12 97.8 

24 96.5 

48 95.8 

 

 

Calculated and known probe properties:  

 

Table 4. CID 53301938 [ML258] 

Molecular Weight 413.4717 [g/mol] 

Molecular Formula C24H23N5O2 

AlogP 3.7 

H-Bond Donor 0 

H-Bond Acceptor 5 

Rotatable Bond Count 3 

Exact Mass 413.1581 

MonoIsotopic Mass 413.4717 

Topological Polar Surface Area 73.1 

Heavy Atom Count 31 

Formal Charge 0 

Complexity 740 

Isotope Atom Count 0 

Defined Atom StereoCenter Count 0 

Undefined Atom StereoCenter Count 0 

Defined Bond StereoCenter Count 0 

Undefined Bond StereoCenter Count 0 

Covalently-Bonded Unit Count 1 
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Figure 2.  Stability of  ML258       
(CID 53301938)  
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Table 5 summarizes the submission of the Probe ML258 and 5 analogs to the MLSMR.  

Table 5.  Probe and Analog Submissions to MLSMR (BioFocus DPI) for Bcl-2 Inhibitors 

Probe  - CID 53301938 

Probe 
/Analog 

MLS_ID 
(BCCG) 

MLS_ID 
(MLSMR) 

CID SID 

Source 
(Vendor 
Name or 

Synthesized) 

Amt 
(mg) 

Date 
ordered/ 

submitted 

Probe 
ML258 

0463397 MLS003873805 CID 53301938 SID 124756688 Synthesized 25 10/27/11 

Analog 1  0463125 MLS003873807 CID 1097158 SID 124756734 Synthesized 24.2 10/27/11 

Analog 2 0463396 MLS003873806 CID 53301988 SID 124756687 Synthesized 20 10/27/11 

Analog 3 0463444 In progress CID 53301973 SID 124756696 Synthesized 26.5 12/13//11 

Analog 4 0463395 In progress CID 53301955 SID 124756686 Synthesized 29.5 12/13//11 

Analog 5 0463400 In progress CID 53301942 SID 124756691 Synthesized 35.8 12/13//11 

 

We have provided 15 mg of resynthesized probe ML258 (SID 124756688) to the Assay Provider’s 

lab (Dr. Reed). 

2.3 Probe Preparation 

Experimental:  (compounds are numbers as in Scheme 1) 

Preparation of methyl 2-cyano-2-cyclopentylideneacetate [3]: 

 
 

Methylcyanoacetate 1 (29.73 g, 0.3 mol) and cyclopentanone 2 ( 25.24 g, 0.3 mol) was 

dissolved in 240 ml of toluene containing 1 ml of acetic acid and 1 g of ammonium acetate. The 

resulting mixture was refluxed using a Dean-Starke Trap. When the reaction was determined to 

be complete by TLC, approximately 5 hours, the reaction mixture was cooled to room 

temperature washed successively with 100 ml of water,100 ml of saturated sodium 

bicarbonate,100 ml of brine and the resultant organic phase was then dried over anhydrous 

sodium sulfate, filtered and concentrated under reduced pressure. The resulting oil was 

chromatographed on silica gel and eluted with methylene chloride to yield 47.1 g of compound 3 

(95 % yield). 1H NMR (400 MHz, CDCl3) δ 1.33 (m, 4H), 1.96 (m, 4H), 3.77 (s, 3H). 

 

Preparation of methyl 2-(1-benzylcyclopentyl)-2-cyanoacetate [4].  

 

S

O O

N

NH2

N

 

 

 

3 

 

 

 

4 
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5 

 

 

1.0 M benzylmagnesium chloride in ethyl ether (28 ml, 28 mmol) was added dropwise to methyl 

2-cyano-2-cyclopentylideneacetate 3  (3.1 g, 19 mmol) in anhydrous THF (50 ml) at room 

temperature. The mixture was stirred overnight at room temperature. Then 30 ml of 

concentrated ammonium chloride was added. The organic layer was separated, dried over 

MgSO4, filtered and concentrated to an orange oil, which was subjected to flash column 

chromatography eluting with 30% acetone in hexane to afford 3.5 g of compound 4 (73%yield). 

MS(EI) m/z 258 (M+1).   

Preparation of methyl 4'-amino-1'H-spiro[cyclopentane-1,2'-naphthalene]-3'-carboxylate 

[5]: 

 

 

Concentrated H2SO4 (19 ml, 0.36 mol) was added dropwise to methyl 2-(1-benzylcyclopentyl)-2-

cyanoacetate 4 (3.5 g, 14 mmol) in ice-water bath to give an orange solution. The reaction was 

allowed to warm to room temperature and was stirred for 2 days. The deep red reaction mixture 

was added to 50 ml of ice water. The yellow mixture was extracted by ethyl ether (2x 50ml) two 

times. The water layer was basified with concentrated NH4OH solution and extracted with ethyl 

acetate (50 ml). The organic layer was dried over MgSO4, and concentrated under reduced 

pressure to give 1.5 g of compound 5 (43% yield). MS(EI) m/z 258 (M+1). 

Preparation of 3-(4-methoxybenzyl)-2-thioxo-2,3-dihydro-1H-spiro[benzo[h]quinazoline-

5,1'-cyclopentan]-4(6H)-one [7].  

 

A solution of methyl 4'-amino-1'H-spiro[cyclopentane-1,2'-naphthalene]-3'-carboxylate 5 (1.5 g, 

5.8 mmol) and 4-methoxybenzyl isothiocyanate 6 (1.5 g, 8.3 mmol) in anhydrous ethanol (30 ml) 

was heated at reflux overnight. 1 M NaOH (12 ml, 12 mmol) was added to the reaction which 

was then refluxed for an additional 3 hours. The cooled reaction mixture was acidified by 1 N 

HCl solution to pH 3.0-4.0. The precipitate or red oil was separated and recrystallized with 

 

 

 

 

7 



 

Page 11 of 29 

 

methanol to afford 0.4 g of compound 7 (18% yield). 1H NMR (400 MHz, CDCl3) δ 1.44 (m, 2H), 

1.69 (m, 2H), 1.86 (m, 2H), 2.19 (m, 2H), 2.80 (s, 2H), 3.76 (s, 3H), 5.59 (s, 2H), 6.84 (d, 2H), 

7.35 (d, 2H), 7.41 (d, 2H), 7.54 (d, 2H). MS(EI) m/z 405 (M+1). 

Preparation of 2-hydrazinyl-3-(4-methoxybenzyl)-3H-spiro[benzo[h]quinazoline-5,1'-

cyclopentan]-4(6H)-one [8]. 

 

A solution of 3-(4-methoxybenzyl)-2-thioxo-2,3-dihydro-1H-spiro[benzo[h]quinazoline-5,1'-

cyclopentan]-4(6H)-one 7 (0.4 g, 1mmol) and hydrazine anhydrous (2 ml, 64 mmol) in butanol 

(20 ml) was heated at reflux for 5 hours and stirred overnight at room temperature. The 

precipitate was filtered off and recrystallized with methanol to afford 0.34 g of compound 8 (85% 

yield). 1H NMR (400 MHz, CDCl3) δ 1.52 (m, 2H), 1.75 (m, 2H), 1.90 (m, 2H), 2.23 (m, 2H), 2.86 

(s, 2H), 3.78 (s, 3H), 5.36 (s, 2H), 6.86 (d, 2H), 7.25 (m, 2H), 7.35 (m, 1H), 7.43 (m, 3H). MS(EI) 

m/z 403 (M+1). 

Preparation of 4-(4-methoxybenzyl)-4H-spiro[benzo[h]tetrazolo[1,5-a]quinazoline-6,1'-

cyclopentan]-5(7H)-one [9] 

 

Sodium nitrite (0.12 g, 1.7 mmol) in water (2 ml) was added to a solution of 4-(4-

methoxybenzyl)-4H-spiro[benzo[h]tetrazolo[1,5-a]quinazoline-6,1'-cyclopentan]-5(7H)-one 8 

(0.34 g, 0.85 mmol) in acetic acid (20 ml) at room temperature and stirred at room temperature 

for an additional 30 mintues. The precipitate was filtered off and washed with water and 

methanol to afford 0.24 g of compound 9 (69% yield). 1H NMR (400 MHz, DMSO-d) δ 1.42 (m, 

2H), 1.73 (m, 2H), 1.82 (m, 2H), 2.12 (m, 2H), 2.90 (s, 2H), 3.70 (s, 3H), 5.28 (s, 2H), 6.89 (d, 

2H), 7.40 (m, 2H), 7.50 (m, 3H), 8.50 (m, 1H). MS(EI) m/z 414 (M+1). 
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3 Results 

3.1 Summary of Screening Results 

Primary Screen: The multiplexed HTS was completed on ~200,000 compounds by the University of 

New Mexico Center for Molecular Discovery (UNMCMD), yielding the equivalent of six HTS 

campaigns and thus reported in PubChem AID 950, AID 951, AID 952, AID1007, AID 1008 and AID 

1009.  The Bcl-2 family assay is a bead-based assay that multiplexes six Bcl-2 family GST fusion 

proteins on GSH beads. The binding reagent is Bim-FITC. The assay is illustrated in Figure 3.  

Figure 3. Diagram of bead coating, mixing, and resolution by cytometry. (A) Six sets of beads are mixed 
separately with glutathione-S-transferase (GST)-Bcl-2 family proteins, and a seventh set serves as a 
control for nonspecific binding. (B) The seven bead sets are mixed together and distributed to appropriate 
wells. (C) The flow cytometer records red fluorescence for each bead, allowing the sets to be gated, after 
which the green fluorescence of beads in each gate can be measured. See [7] for details and [6] for 
fundamental competition pharmacology of F-Bim peptide to individual Bcl-2 family members (Kd and 
Bmax). 
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This multiplex complements the Sanford-Burnham Center for Chemical Genomics (SBCCG) 

assays for Bfl-1 (AID 432, 621). We found μM activities selective for individual family members 

CID 650929, CID 1243212, and CID 666339. A comparison of the results of the UNMCMD initial 

screens with the SBCCG uploaded data (Bfl-1 and Bid-FITC), showed that the final 3 scaffolds 

were remarkably congruent for the different measurements (see Table 7).  

Secondary Assay Follow-up: Confirmatory (dose response) screens, AID 1320, AID 1322, AID 

1327, AID 1328, AID 1329, AID 1330; Counterscreen (for Compound-GST-GFP interactions), 

AID 1324; and Compound fluorescence profiling, AID 1776 were completed.  A Summary 

report, AID 1693, has also been uploaded.  UNMCMD collaborated with SBCCG to confirm hits 

between flow cytometry and FP assays for the best Bcl-2 and Bfl-1 probe leads.  A set of 42 

compounds were obtained from commercial sources, validated for structure, and tested in both 

flow cytometry and FP assays.  

Figure 4  provides a flowchart of the HTS and hit validation workflow for compounds through the 

primary multiplex and secondary assays. 

Figure 4.  Screening and Hit advancement flowchart 
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Table 6 provides a tabulation of the primary screening data, confirmatory dose response and 

secondary assay results for the individual fluorescence polarization assay and isothermal 

titration calorimetry assays on the reduced set of compounds that passed each activity filter. 

Details for all assays are in the AIDs cited in Figure 4, Table 2 and in [7]. 

Table 6.  Summary of the screen hit selections in secondary assays (for details see [7]) 

Screening 
Cmpds 
tested 

Number of Hits (Pubchem AID) Total 
hits

a
 Bcl-2 Bcl-B Bcl-xL Bcl-W Bfl-1 Mcl-1 

Primary 194829 

116 

(950) 

142 

(951) 

82 

(1007) 

47 

(952) 

237 

(1008) 

196 

(1009) 385
 a
 

Cherry Pick 

Dose-Response 

834 9 

(1328) 

6
b
 

(1327) 

6 

(1322) 

18 

(1330) 

97 

(1320) 

3 

(1329) 

27
 a
 

Powder  

Dose-Response 

42 

 

6 

(2075) 

9/2
c
 

(2077) 

0 

(2084) 

5 

(2081) 

23 

(2080) 

0 

(2086) 

9
 a
 

Fluorescence 

Polarization (1) 

58 16 

(588575) 

- 0 

(588578) 

-  - 3 

Fluorescence 

Polarization (2) 

10 1 

(504627) 

3 

(504627) 

0 

(504627) 

- 0 

(504627) 

- 4
d
 

Isothermal 

Titration 

Calorimetry 

4 - 3 

(588716) 

0 - - - 3 

a
 Due to the problems with the protein, Bfl-1 hits were not included in the number of total hits 

b
 Compound #10 was declared inactive in this assay, with an EC50=18.2 µM higher than the chosen threshold (10 

µM) 
c
 Only two Bcl-B hits in this assay were inhibitors; seven other compounds did “increase” the binding of the 

fluorescent peptide and were considered artifacts; compound #9 was declared inactive in this assay, with an 
EC50=16.3 µM higher than the chosen threshold (10 µM) 
d
 A benzoquinone reactive compound was also identified as hit on all protein targets, but was discarded 

e
 Some compounds that did not pass the threshold for being declared actives were nevertheless selected to be tested 

in follow-up assays 
 

Ultimately, only 3 compounds representing 3 distinct scaffolds were obtained, that had  
 

Table 7.   Summary of the 3 Bcl-B Selective Inhibitors Representing 3 Chemical Scaffolds.   

# Scaffold Representative 
Compound 

PubChem CID  
(Scaffold 

Representative) 

IC50 or Kd  (μM) 

FPA 
Cy5-Bim 

FPA   
F-Bim 

Flow Cyt  
 F-Bim 

ITC  
Kd 

#7 

 

CID 650929 2.00 1.00 5.01 0.20 

#9 

 

CID 1243212 5.01 7.94 2.51 3.16 

#10 

 

CID 666339 1.00 1.00 2.00 2.51 
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congruent data amongst FPA, flow cytometry and ITC assays. These appeared to be Bcl-B 

selective over the other family members and are summarized in Table 7.  However two (#9 & 

#10) of these three scaffolds have significant chemical liabilities (acyl hydrazone in #9 and a 

barbiturate core in #10) and were discarded.  The remaining tetrazolo[1,5-a]quinazoline (#7) 

scaffold was chosen for optimization (see. Sec. 3.4) 

 

3.2 Dose Response Curves for Probe ML258 (Figure 5)    

The competition assay for FITC-Bim binding to Bcl-B in Figure 4 clearly demonstrates that 

probe ML258 is highly selective for Bcl-B against Bcl-XL, its closest family member. It was also 

selective against the remaining Bcl-2 family members, as expected, since the probe is a close 

analog of the original scaffold exemplar (#7 in Table 7), which was selective against all the 

other family members.    

 

 

3.3  Scaffold/Moiety Chemical Liabilities 

The chemical structure of ML258 does possess any chemical moieties expected to be 

chemically reactive.  There are no potential electrophilic sites, GSH reactive sites or free 

sulfhydryl groups.    

 

  

 Figure 5. Competition of ML258 for 
binding of FITC-Bim to Bcl-B, Bcl-XL 
Bcl-W, Bcl-2, Bfl-1 and Mcl-1 by 
fluorescence polarization.  Bcl-B IC50’s 
were 238 and 535 nM for an Ave IC50 of 
386 nM 

Bcl-XL titration was flat to 50 μM, so 
IC50 >>50 μM. Duplicate data are 
overlaid. 

Remaining Bcl-2 family protein titrations 
in singlicate (Bcl-W, Bcl-2, Bfl-1, Mcl-1). 

50 nM of GST-Bcl-2 family proteins 
were incubated with various 
concentrations of ML258.  10 nM of 
FITC-Bim-BH3 peptide was added and 
fluorescence polarization was 
measured after 20 mins. 
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3.4 SAR Tables 

Tetrazolo[1,5-a]quinazoline Series: Compound 1A (CID 650929) was identified through a HTS 

campaign involving the screening of 194,829 compounds. This screening effort produced three 

distinct scaffolds, two of which had significant chemical liabilities (see Table 7). Two of the three 

scaffolds were discarded and our efforts were focused on the tetrazolo[1,5-a]quinazoline 

compound CID 650929, compound 1A (see Table 8). 

 

 

The general SAR strategy we pursued around this scaffold from the screening hit, CID 650929 

(entry 1A in Table 8) is depicted in Figure 5. 

 

.  

 Figure 6. General SAR Strategy for the Tetrazolo[1,5-a]quinazoline Series 

 In Quadrant I, the effects on activity of different substituents on the phenyl ring, varying 

the chain length of the linker atoms and attaching an alkyl group directly to the tetrazolo[1,5-

a]quinazoline core structure will be explored. 

 In Quadrant II the tetrazole ring system will be replaced with a triazole ring system. 

 In Quadrant III the effects of different substituents on the phenyl ring and SAR around 

the 5-membered spirocyclic ring, as well as its replacement with a 6-membered spirocyclic ring 

or a geminal dimethyl group will be explored. 

SAR Elucidation and Analysis.  

After confirmation of the initial results, the hit-to-probe process was initiated by both an analog-

by-catalog approach and an internal medicinal chemistry effort. The original lead compound in 

Compound 1A. CID 650929  

The tetrazolo[1,5-a]quinazoline 

Scaffold Series  
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the tetrazolo[1,5-a]quinazoline series, compound 1A (CID 650929 in Table 8) has an IC50 = 3.34 

µM in the Bcl-B assay. 

Using an “Analog-by-Catalog” (ABC) approach, 24 additional analogs were purchased to 

expand the SAR around the Tetrazolo[1,5-a]quinazoline series. Not one of these purchased 

analogs showed any activity in our assays. Representative examples of these purchased 

analogs are compounds 2A, 1B and 2B (Table 8). These compounds 2A, 1B and 2B are very 

close in structure to the original lead compound CID 650929, but were inactive having an IC50 > 

20 µM in the Bcl-B assay. Compound 2A replaced the benzyl group of compound 1A (CID 

650929) with a phenyl group, keeping all other functionalities constant and the Bcl-B activity 

completely disappeared. Likewise, replacement of the tetrazole group of compound CID 650929 

with a triazole group and the concurrent replacement of the benzyl group with either a methyl 

group, or a cyclohexyl group, completely eliminated the activity against Bcl-B.  

 

Table 8.  Structure Activity Relationship (SAR) Elucidation in  

Entry CID SID S/P R1 R2/R3 R

4 

IC50 (μM) 

Bcl-B Bcl-XL 

1A CID 650929 SID 124756679 P CH2Ph cyclopentyl H 3.34 >20 

2A CID 656228 SID 124756700 P Ph cyclopentyl H >20 >20 

1B CID 818048 SID 124756701 P CH3 cyclopentyl H >20 >20 

2B  CID 1376050 SID 124756710 P cyclopentyl cyclopentyl H >20 >20 

  

Another strategy we investigated with our purchased compounds was to rotate the tetrazole or 

triazole group of compounds 1A and 1B on the quinazoline ring to an alternative position. Both 

triazole compounds 1C and 2C were inactive, having an IC50 > 20 µM in the Bcl-B assay. The 

tetrazole compound 1D and the thiazole 1E were inactive, having IC50 > 20 µM in the Bcl-B 

assay (see Table 9). The other inactive analogs purchased were not closely structurally related 

to CI D650929. 
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Table 9.  Structure Activity Relationship (SAR) Elucidation  

Entry CID SID S/P R2/R3 IC50 (μM) 

Bcl-B Bcl-XL 

1C CID 1915860 SID 124756698 P cyclopentyl >20 >20 

2C CID 799643 SID 124756707 P cyclopentyl >20 >20 

1E CID 2053660 SID 124756708 P cyclopentyl >20 >20 

1D CID 909788 SID 124756712 P di-CH3 >20 >20 

 

Concurrently, 32 tetrazolo[1,5-a]quinazoline and triazolo[4,3-a]quinazoline analogs were 

synthesized. The challenging synthesis of the tetrazolo[1,5-a]quinazoline and triazolo[4,3-

a]quinazoline core ring structures is described in Scheme 1. Treatment of methylcyanoacetate 

1 with cyclopentanone 2 in a solution of acetic acid, ammonium acetate and toluene at reflux 

produced compound 3 in almost quantitative yield (95 %).  Addition of a Grignard reagent to 

compound 3 produced the cyanoacetate compound 4 in poor to good yields. Not all Grignard 

reagents worked in this addition reaction. Examples of Grignard reagents that failed are (4-

(trifluoromethyl)benzyl)magnesium chloride and (4-(trifluoromethoxy) benzyl)magnesium 

chloride. When the cyclopentyl group of compound 3 was replaced by a cyclohexyl group or a 

gem-di-methyl group, the addition of the Grignard reagent proceded smoothy. Also, we 

observed when the cyclopentyl ring of compound 3 was replaced by hydrogen atoms, the 

addition of any Grignard reagent at even dry ice temperatures produced a polymeric mixture 

and we never isolated or detected the desired product. Cyclization of the cyanoacetate 

compound 4 to the corresponding anthranilic acid 5 was a highly problematic step. The optimum 

condition for cyclization involved treating the cyanoacetate 4 in concentrated sulfuric acid at 0°C, 

the yield of the anthranilic acid 5 was at best 20 %. We tried different concentrations of sulfuric 

acid, switched to methanesulfonic acid or trifluoromethane sulfonic acid or employed Lewis 

Acids (AlCl3) and the yields of the product were diminished or the reaction did not occur at all. 

Treatment of the anthranilic acid 5 with an isothiocyanate 6 in refluxing ethanol followed by a 

treatment with 2 M potassium hydroxide produced the highly insoluble thioquinazoline 7 in 20 %  

yield for the two steps. These two concurrent 20 % yielding steps in the reaction sequence 

severely limited our ability to produce 10 - 100 mg quantities of final products. Treatment of the 

thioquinazoline 7 with hydrazine in refluxing 1-butanol produced the hydrazonoquinazoline 8. 

The hydrazonoquinazoline 8 proved to be a versatile intermediate as treatment of compound 8  

with sodium nitrate produced the tetrazole 9. Conversely treatment of compound 8 with trimethyl 

orthoformate produced the triazole 10. 

TRIAZOLE ANALOGS 

As shown in Table 10, three triazoles 3B, 4B and 5B were synthesized, with the benzyl groups 

at R1 and a hydrogen atom at R4 held constant and varying only the R2/R3 groups as either 

cyclohexyl, di-CH3 and cyclopentyl, respectively. Only the cyclopentyl compound 5B was active 

in the Bcl-B assay, IC50 = 5.19 µM. This is our first representative example of an active triazole 

molecule in our assays. We subsequently investigated changes in the R4 substituents of 

compounds 3B, 4B and 5B. When the R4 hydrogen atom of 3B was changed to a CH3 group, 
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this change resulted in the active compound 8B, IC50 = 4.92. Changes at R4 did not always lead 

to active compounds as replacement of the R4 group of compound 5B by an OCH3 group 

resulted in the inactive compound 16B.  

Changes at R1 produced mixed results. When the 4-Cl-benzyl group was substituted for the 

benzyl group in compound 5B, the activity of the resulting compound 7B was improved from 

IC50 = 5.19 µM to IC50 = 3.4 µM. Conversely, when the 4-Cl-benzyl group was substituted for the 

benzyl group in compound 8B, the resulting compound 9B was inactive.   

We were able to transform the inactive triazole series into an active series with the most potent 

compound being 7B with IC50 = 3.4 µM. However, this compound does not meet the probe 

criteria for potency. 

 

 
 

Table 10.  Structure Activity Relationship (SAR) Elucidation in  

Entry CID SID S/P R1 R2/R3 R4 IC50 (μM) 

Bcl-

B 

Bcl-XL 

3B CID 1097183 SID 124756733 S CH2Ph cyclohexyl H >20 >20 

4B CID 1219970 SID 124756735 S CH2Ph di-CH3 H >20 >20 

5B CID 1153956 SID 124756680 S CH2Ph cyclopentyl H 5.19 >20 

6B CID 53301959 SID 124756681 S 2-methylallyl cyclopentyl H >20 >20 

7B CID 53301989 SID 124756682 S CH2-4-Cl-Ph cyclopentyl H 3.4 >20 

8B CID 53301980 SID 124756685 S CH2Ph cyclohexyl CH3 4.92 >20 

9B CID 53301958 SID 124756690 S CH2-4-Cl-Ph cyclohexyl CH3 >20 >20 

10B CID 53301976 SID 124756726 S CH2-4-Cl-Ph cyclopentyl OCH3 >20 >20 

11B CID 53301946 SID 124756727 S CH2-4-F-Ph di-CH3 OCH3 >20 >20 

12B CID 53301962 SID 124756728 S CH2Ph di-CH3 OCH3 >20 >20 

13B CID 53301987 SID 124756729 S CH2-4-OCH3-

Ph 

di-CH3 CH3 8.29 >20 

14B CID 53301977 SID 124756730 S CH2-4-F-Ph di-CH3 OCH3 >20 >20 

15B CID 53301970 SID 124756731 S CH2Ph di-CH3 CH3 >20 >20 

16B CID 53301981 SID 124756694 S CH2Ph cyclopentyl OCH3 >20 >20 

17B CID 53301973 SID 124756696 S CH2-4-F-Ph cyclohexyl CH3 >20 >20 
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TETRAZOLE ANALOGS 

 In an effort to improve the potency and selectivity of this scaffold class, seventeen 

tetrazole analogs were synthesized and the results are provided in Table 11.  We synthesized 

six analogs where the R2/R3 group was a di-CH3 moiety. This specific substitution pattern in the 

triazole series produced only one moderately active compound 13B (IC50 = 8.29 µM). However, 

in the tetrazole series, three compounds, 13A, 14A and 15A were active. The preferred 

substituents at R1 were benzyl and 4-OMe-benzyl groups, and the preferred substituents at R4 

are CH3 and OCH3 groups for this series of molecules. 

 The greatest increases in potency of the tetrazole series occurred when R2/R3 is either a 

cyclohexyl or a cyclopentyl group and at R4 the substituent is a hydrogen atom, a methyl group, 

a methoxy group or fluorine atom and R1 is either a 4-chlorobenzyl, 4-fluorobenzyl or 4-

methoxybenzyl groups (entries 3A, 6A thru 10A and 12A thru 16A). 

 

Table 11.  Structure Activity Relationship (SAR) Elucidation in A 

Entry CID SID S/P R1 R2/R3 R4 IC50 (μM) 

Bcl-B Bcl-XL 

3A CID 1097158 SID 124756734 S CH2Ph cyclohexyl H 4.15 >20 

4A CID 1048554 SID 124756736 S CH2Ph di-CH3 H >20 >20 

5A CID 53301972 SID 124756683 S CH2-4-Cl-Ph cyclohexyl CH3 >20 >20 

6A CID 53301955 SID 124756686 S CH2-4-Cl-Ph cyclohexyl F 0.775 >20 

7A CID 53301988 SID 124756687 S CH2-4-Cl-Ph cyclopentyl H 2.11 >20 

8A 

ML258 

CID 53301938 SID 124756688 S CH2-4-OCH3-Ph cyclopentyl H 0.386 >20 

9A CID 53301978 SID 124756684 S CH2Ph cyclohexyl CH3 13.6 >20 

10A CID 53301942 SID 124756691 S CH2-4-F-Ph cyclohexyl CH3 8.14 >20 

11A CID 53301947 SID 124756692 S CH2Ph cyclopentyl OCH3 >20 >20 

12A CID 53301949 SID 124756689 S CH2-4-F-Ph cyclopentyl H 1.56 >20 

13A CID 53301939 SID 124756721 S CH2-4-OCH3-Ph di-CH3 CH3 3.94 >20 

14A CID 53301968 SID 124756722 S CH2Ph di-CH3 CH3 5.77 >20 

15A CID 53301957 SID 124756723 S CH2Ph di-CH3 OCH3 4.03 >20 

16A CID 53301984 SID 124756724 S CH2-4-F-Ph di-CH3 OCH3 >20 >20 

17A CID 53301961 SID 124756725 S CH2-4-Cl-Ph di-CH3 OCH3 >20 >20 

18A CID 53301960 SID 124756732 S CH2Ph cyclopentyl F >20 >20 

19A CID 53301951 124756695 S 2-methylallyl cyclopentyl H >20 >20 
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Based upon the results of the analog by catalog approach and our synthetic efforts, compound 

8A (CID 53301938) in Table 11 was selected as the probe molecule from the tetrazole series as 

it is the most potent compound with Bcl-B inhibition, IC50 = 0.36 µM, and also displays an 

excellent selectivity index for Bcl-XL with an IC50 > 20 μM. 

3.5 Cellular Activity  

ML258 is active in cells (see Sec. 4.2 “Mechanism of Action Studies”). 

3.6 Profiling Assays 

The nominated probe was evaluated in a detailed in vitro pharmacology screen as shown in 

Table 11. 

Table 11: Summary of in vitro ADME Properties of Bcl-B selective Inhibitor ML258  

(MLS- 0463397 or CID 53301938) 

Aqueous Solubility in pION’s buffer (μg/mL) [μM]
a 
pH 5.0/6.2/7.4 

0.88/1.1/1.2 

[2.1/2.7/2.9] 

PAMPA Permeability,  Pe  (x10
-6

 cm/s) Donor pH: 5.0 / 6.2 / 7.4 Acceptor pH: 7.4 <1.4/<3.2/3.3 

Plasma Protein Binding (% Bound) 
Human 1 μM / 10 μM 67.36 / 95.12 

Mouse 1 μM / 10 μM 67.76 / 94.25 

Plasma Stability (%Remaining at 3 hrs.) Human/Mouse Plasma: 1x PBS, pH 7.4, 1:1 92.21/95.53 

Hepatic Microsome  Stability  (% Remaining  at 1hr) Human/Mouse 37 °C 26.93/17.03 

Toxicity Towards Fa2N-4 Immortalized Human Hepatocytes LC50 (µM) >50 
a 
Solubility also expressed in molar units (μM) as indicated in italicized [bracketed values], in addition to more traditional μg/mL units. 

ML258 is moderately soluble in aqueous media at pH 5.0/6.2/7.4 and the solubility is about 5 

fold higher than its IC50 for Bcl-B inhibition.   Improvement of this solubility will be a focus for 

future research. 

The PAMPA (Parallel Artificial Membrane Permeability Assay) assay is used as an in vitro 

model ofpassive, transcellular permeability. An artificial membrane immobilized on a filter is 

placed between a donor and acceptor compartment. At the start of the test, drug is introduced in 

the donor compartment. Following the permeation period, the concentration of drug in the donor 

and acceptor compartments is measured using UV spectroscopy. Consistent with the predicted 

LogP (see Table 3), ML258 is moderately permeable in this assay. 

Plasma Protein Binding is a measure of a drug's efficiency to bind to the proteins within blood 

plasma. The less bound a drug is, the more efficiently it can traverse cell membranes or diffuse. 

Highly plasma protein bound drugs are confined to the vascular space, thereby having a 

relatively low volume of distribution. In contrast, drugs that remain largely unbound in plasma 

are generally available for distribution to other organs and tissues. ML258 shows moderate 

binding to plasma proteins in mouse and human plasma at 1 μM with much higher binding at 10 

μM concentration. 
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Plasma Stability is a measure of the stability of small molecules and peptides in plasma and is 

an important parameter, which strongly can influence the in vivo efficacy of a test compound. 

Drug candidates are exposed in plasma to enzymatic processes (proteinases, esterases), and 

they can undergo intramolecular rearrangement or bind irreversibly (covalently) to proteins. 

ML258 shows excellent stability in human and mouse plasma. 

The microsomal stability assay is commonly used to rank compounds according to their 

metabolic stability. This assay addresses the pharmacologic question of how long the parent 

compound will remain circulating in plasma within the body. ML258 shows moderate stability in 

both human and mouse liver homogenates, potentially limiting the utility of this probe in in vivo 

rodent models.  

ML258 shows no toxicity (LC50 > 50 μM) towards Fa2N-4 immortalized human hepatocytes. 

As a pro forma activity, the SBCCG is committed to profiling all final probe(s) compound(s) and 

in certain cases key informative analogs in the PanLabs full panel as negotiated by the MLPCN 

network and for this particular target we will submit the final probe compound to the PDSP panel 

from Bryan Roth. The final probe candidate will undergo a comprehensive evaluation at the 

Sanford-Burnham Pharmacology Resource (S-B Exp Pharm) to in vitro ADME/T as well as the 

MLP mandated solubility and stability time course. 

4 Discussion 

In this probe report, we report the successful collaboration amongst the specialty-screening 

center and informatics groups at the University of New Mexico (Dr. Larry A. Sklar), the 

chemistry center of the Sanford-Burnham Center for Chemical Genomics, and the research 

laboratory of the assay provider (Dr. John C. Reed). This project started when six Bcl-2 family 

member proteins from the Reed laboratory were combined with the novel flow cytometric, bead-

based, multiplexed, competitive binding assay from the Sklar laboratory, that enabled rapid 

simultaneous interrogation of all 6 Bcl-2 family member proteins against a FITC-labeled Bim 

peptide.  With significant chemical optimization, we obtained a novel best in class small 

molecule inhibitor of a protein-to-peptide interaction, with specificity against close family 

members. ML258 inhibits the binding of the Bcl-B protein to the Bim-BH3 peptide with sub-

micromolar potency and more than 100-fold selectivity against the other anti-apoptotic Bcl-2 

family members (Bcl-2, Bcl-W, Bcl-XL, Bfl-1, and Mcl-1). 

Additionally, ML258 demonstrate functional activity consistent with its competition of the Bim 

BH3 binding to Bcl-B in an engineered recombinant cellular system, though only partial efficacy 

is achieved.   Furthermore, it is active in a highly relevant biological system for apoptosis in 

isolated mitochondria. 

4.1 Comparison to existing art and how the new probe is an improvement 

As compared to the prior art Bcl-B probe ML055 (CID581649) with a modest potency of 5.6 μM, 

this improved probe, ML258 has 14.5-fold increase in potency.   Furthermore, at a greater than 

127-fold selectivity over the other family members of the Bcl-2 proteins, this probe is more than 
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10-fold more selective for Bcl-B, as compared to the prior probe ML055.  ML258 also appears 

to be competitive inhibitor of the canonical binding site of pro-apoptotic BH3 domain, in contrast 

to ML055.   As noted previously, it has the appropriate activity in cellular and organelle systems. 

4.2 Mechanism of Action Studies 

ML258 partially neutralizes the Bcl-B dependent anti-apoptotic rescue of HeLa cells to 

staurosporine.  As shown in Figure 7A, high expression of  Bcl-B by induction with doxocyclin 

(Bcl-B.c1 (+) tet) protects the recombinant HeLa (Bcl-B.HTO) cells from cell death induced by 

10 µM Staurosporine (+/-) doxocyclin [10].  Exposure to doxocyclin induces expression of the 

Bcl-B protein in clone 1 (A) but only vanishingly small amounts in clone 2 (B).  Expression of 

doxocyclin induced  Bcl-B rescues the cells from death due to exposure to 10 µM staurosporine 

(compare Bcl-B.c1 (+)Tet to Bcl-B.c1 (-) Tet at low ML258 concentrations in Panel A).  ML258 

does reverse this Bcl-B dependent protection in a dose-dependent fashion, consistent with it’s in 

vitro efficacy in competing the Bim-BH3 binding to Bcl-B.  However, while ML258 is very potent 

in the Bcl-B fluorescence polarization assay (FPA), it does not fully neutralize the protective 

effects of Bcl-B in this cell based assay system, plateauing at ~ 50% even at the highest 

nominal concentrations tested.  This partial neutralization robustly confirmed from multiple 

independent titrations (>16 times).  So it may be due to the poor solubility and/or permeability of 

ML258 (see Table 11) or it may also be fundamental to the amount of functional blockage 

achievable by a small molecule with might only bind to one canonical binding site of Bcl-B.  We 

Figure 7.  ML258 partially neutralizes the Bcl-B dependent anti-apoptotic rescue of HeLa cells to staurosporine.  
HeLa Tet-On system cells expressing an inducible Bcl-B gene (BclB.HTO cells) were exposed to 10 µM 
staurosporine (+/-) doxocyclin.  Exposure to doxocyclin induces expression of the Bcl-B protein in clone 1 (A) but only 
vanishingly small amounts in clone 2 (B).  Expression of doxocyclin induced  Bcl-B rescues the cells from exposure to 
10 µM staurosporine as evidenced in panel A, compare Bcl-B.c1(+)Tet to Bcl-B.c1(-)Tet at low ML258 
concentrations. Clone 2 performance in panel B serves as a negative control.  Assay conditions:  BclB.HTO.Clone1 
or BclB.HTO.Clone2 cells were cultured +/- doxocyclin for at least two passages prior to plating at a density of 2000 
cells/test in white 384 well plates while maintaining the +/- doxocylin conditions.  24 hours after plating the cells were 
exposed to 10 uM staurosporin and increasing concentrations of MLS.0463396 as indicated.  After a 24 hour 
exposure ATP content was measured as a marker for cell viability by monitoring luminescence generated by 
CellTiter-Glo on the Thermo Lumniskan Luminometer. 
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note that the previous probe ML055 mentioned in the “Prior Art” bound to a region on Bcl-B that 

differs from the binding site of pro-apoptotic BH3 domains. The performance of Clone 2 in panel 

B serves as a negative control for low Bcl-B expression.  At these low levels Bcl-B expression, 

ML258 has very little relative range for neutralization of weak protection.   Improvement of probe 

solubility and permeability will be one focus of future studies. (see also “Planned Future Studies” 

in Sec. 4.2). 

ML258 reverses the Bcl-B dependent blockade of Bim-induced leakage in isolated 

mitochondria.  One of the biologically relevant hallmarks of apoptosis is that mitochondria 

become “leaky” and begin to release fairly large proteins including cytochrome c and SMAC 

[11], when apoptosis is triggered by various stimuli, including Bim-BH3 peptides. Anti-apoptotic 

proteins of the Bcl-2 family can block this Bim-BH3 induced mitochondrial leakage. This activity  

has been recapitulated in the Assay Provider’s lab (J. Reed) in preparations of mitochondria, 

wherein “leakage” can be ascertained by the levels of SMAC (by immunoblotting) released to 

the supernatants of pelleted mitochondrial preparations.   The Assay Provider’s laboratory has a 

very high affinity and high-titer monoclonal antibody to SMAC, which make it more convenient 

and robust than assays for cytochrome c.  

Figure 8. ML258 reverses the Bcl-B dependent blockade of Bim-induced leakage in isolated 
mitochondria. (A) ML258 does not potently induce mitochondrial leakage, (B) ML258 reverses Bcl-B 
block of Bim BH3 induced leakage from isolated mitochondria as measured by SMAC release. Lanes a 
& b: 20 uM Bim BH3 induces leakage comparable to lysed whole mitochondria.  Lanes c-d: Bcl-B blocks 
this Bim BH3 induced leakage in a dose-dependent manner.  Lanes g & h:  ML258 reverses the Bcl-B 
blockage.  GST-Bcl-B was incubated with 50 µg of HeLa mitochondria for 1 hr at 30°C in HM buffer, 
with or without Bim BH3 peptide or ML258, then samples were centrifuged to generate supernatants 
that were analyzed by SDS-PAGE/immunoblotting using anti-SMAC antibody. The “Pellet” represents 
the lysis of whole mitochondria added.  



 

Page 25 of 29 

 

ML258 competes for Bim-BH3 ligation to Bcl-B in the in vitro FPA and it also demonstrated 

partial neutralizing effect of the anti-apoptotic effect of Bcl-B to staurosporine induced cell death 

in a highly engineered cellular system.  Functional efficacy of ML258 in this much more 

physiologically relevant system would strengthen its impact on the field of apoptosis.  As shown 

in Figure 7A, ML258 does not strongly induce leakage by itself at concentrations near it’s FPA 

IC50. At high concentrations produces some low level leakage that may reflect its fairly lipophilic 

nature and non-specific disruption of mitochondrial membranes. As shown in Figure 8B, BH3 

peptides such as the Bim-BH3 peptide do trigger leakage in this isolated mitochondrial system 

(compare lane a to b) and at 20 μM Bim BH3 peptide, almost maximal leakage comparable to 

lysed mitochondria is obtained.   At this level of Bim BH3, Bcl-B protein blocks leakage in a 

dose-dependent manner with significant blockade at 50 μM Bcl-B (lanes c – f).  Finally, ML258 

does reverse this Bcl-B mediated blockade of Bim BH3 induced leakage in a dose-dependent 

fashion.  Whether full reversal is possible will be the focus of future studies and may also 

depend upon further analogs with improved solubility and permeability, as noted previously for 

the HeLa tetON system. 

For additional cytotoxicity studies, Bax/Bak double knockout (DKO) mouse embryo fibroblasts 

(MEFs) will be employed to define the maximum concentration of compound that can be added 

to cultures without inducing non-mechanism-based cytotoxicity.  In Bak/Bak DKO cells, the "Bcl-

2 pathway" is inactive.  Thus, any killing seen in these cells is considered non-mechanism-

based.  When the maximum concentration of compound has been defined that remains within 

the mechanism-based range, then cellular efficacy analysis will be undertaken  

4.3 Planned Future Studies 

This probe may also be suitable for submission for an Extended Probe Characterization 

proposal, and one key focus will be to improve the solubility and permeability of this probe 

scaffold, which may help to determine if its partial efficacy in the neutralization of Bcl-B rescue 

of staurosporine induced cytotoxicity is due to poor compound properties or fundamental to the  

molecular interaction and biology of the system.   Similarly, experiments to see if improved 

compound can yield full reversal of the Bcl-B blockade of Bim BH3 induced mitochondrial 

leakage will be done with these new improved compounds.  Ultimately, the best compounds 

could be advanced into relevant animal models and preclinical studies. 
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6 Supplementary Information  

6.1 Assay Details 

Bcl-2 Family Multiplex Primary Assay Protocol 

Each component of the multiplex assay is a competitive displacement assay, which consists of 

a glutathione-derivatized bead, a GST-Bcl-2 fusion protein target, and a peptide probe, F-Bim 

(FITC-Axh-DMRPEIWIAQELRRIGDEFNAYYAR-OH; Commonwealth Biotech, USA). The bead 

set is coated with an individual GST-conjugated Bcl-2 protein in HPSMTB buffer (30 mM 

HEPES, 100 mM KCl, 20 mM NaCl, 1 mM MgCl2, 0.01% Tween-20, 0.1% BSA) by overnight 

incubation at 4°C. The multiplex consists of 7 red fluorescent bead sets (six of which are coated 
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with a GST-Bcl-2 fusion protein, the seventh of which is uncoated) and the common green 

fluorescent peptide probe (see Figure 3 in section 3.1).  

Each protein target uses a bead set that has been labeled with a different amount of red 

fluorophore, so that each individual assay is built on a unique bead set, and each bead set is 

associated with a unique red optical address. Beads are first washed in HPSMTB buffer for 20 

minutes before adding the appropriate GST-Bcl fusion protein. The bead sets (ThermoFisher 

Scientific product numbers XPR-1687-XPR-1696) have similar size (~ 4 micron diameter) and 

are distinguished by excitation at 635 nm with distinct emission characteristics at 665 +/-10 nm. 

Thus, GST-Bfl-1 might be noncovalently coated onto red level 1 beads, GST-Bcl-XL onto red 

level 2 beads, etc. The 6 bead sets (each with bound protein) and uncoated control beads are 

first centrifuged separately, then resuspended in buffer and centrifuged again, and finally diluted 

just before loading into 384-well plates to minimize bead-protein dissociation before the assay 

begins. The assay is conducted in 384-well microplates in a total assay volume per well of 10.1 

microliters (5 microliters of bead mixture, 0.1 microliters of test compound, and 5 microliters of 

100 nM F-Bim in HPSMTB). Test compound concentration is 10 µM. Negative controls, which 

contain the bead mixture and F-Bim but no test compound, are located in columns 1 and 2 on 

each plate. Plates are rotated around a horizontal axis during incubation for 1-2 hours at 4°C. A 

glutathione-only bead set control (no associated GST-protein) is incorporated into each well as 

a fluorescence scavenger to determine the inherent fluorescent properties of the test 

compounds (488 nm excitation, 530 +/- 20 nm emission) on the beads. A  positive control uses 

a block of the F-Bim probe with a non-fluoresceinated Bim peptide. This Bim blocking control is 

run daily as a separate single tube assay using Bim at 5 µM, 100 times the final F-Bim 

concentration of 50 nM. Specific binding of F-Bim is defined as the region between the negative 

control and the positive control for each protein. The HyperCyt® system interfaces the plate with 

a flow cytometer using an autosampler for high-throughput microliter-volume sampling from 

384-well microtiter plates [Kuckuck, et al. (2001) Cytometry 44:83-90]. As the autosampler dips 

into a well and travels to the next well, a cluster of events, or beads, is propelled forward 

followed by an air gap. Flow cytometric data of forward scatter (FS), side scatter (SS) and 

fluorescence emissions at 530 +/- 20 nm (FL1) and 665 +/- 10 nm (FL8) are collected on a Cyan 

flow cytometer (Dako). Analysis is performed using HyperView software first to detect these 

bins, then to correlate these bins with compounds from worklist files of the compounds, 

generated by HyperSip software. The raw data of the wells on a plate are parsed in HyperView 

to produce annotated median values for FS, SS, FL1, and FL8 for each well, about 1/00 the size 

of the original file. The reduced, parsed data are then processed through an Excel template file 

constructed specifically for the assay to segregate data for each target and the fluorescence 

scavenger in the multiplex. Gating based on FS and SS parameters is used to identify singlet 

bead populations. Gating based on FL8 emission distinguishes the bead populations coated 

with different proteins. FL1 fluorescence per bead population is calculated as a measure of F-

Bim binding to the particular Bcl-2 protein attached to that bead population. Compounds 

displacing >40% of the specific fluorescence for a protein are considered active competitors of 

that protein for binding of F-Bim. 
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Bcl-2 Family Multiplex Dose Response Protocol 

The HTS concentration response assay is conducted in 384-well microplates in a total assay 

volume per well of 10.1 microliters (5 microliters of bead mixture, 0.1 microliters of test 

compound, and 5 microliters of 100 nM F-Bim in HPSMTB) just as in the primary screening 

assay, merely adding a series of different concentrations of each compound to a series of wells. 

Test compounds at 10 mM concentration in DMSO are serially diluted 1 to 3 for a total of nine 

different test compound concentrations. Final compound dilutions in DMSO ranges from 1 µM to 

10 mM. These dilutions are then diluted 1 to 100 to give an assay concentration range of 10 nM 

to 100 µM. 

Sample acquisition and preliminary analysis is conducted with the HyperCyt® high throughput 

flow cytometry platform as described above for the primary assay. IC50 values for F-Bim 

displacement are calculated using Prism software for each protein. 

6.2 1H NMR and LC-MS spectra of ML285 

1H NMR Spectrum of ML258 

Chemical Shift (ppm) 
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LC-MS for ML258.    (Reverse phase C18 column:  isocratic) 
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